Diffraction gratings integrated with MEMS sensors offer sensitive displacement measurements. However, the sensitivity of the interferometric readout may drop significantly based on the sensor position. A two wavelength readout method was developed and tested previously in order to maintain the sensitivity of the readout > %50 maximum sensitivity over a broad range (i.e. several um's for visible wavelengths). This work demonstrates the sensitivity enhancement of a MEMS thermal imaging sensor array. Measurement of the target scene was performed using two lasers at different wavelengths (633, 650 nm). The diffracted 1 st order light from the array was imaged onto a single CCD camera for both sources. The target scene was reconstructed by observing the change in the 1 st diffracted order diffraction intensity for both wavelengths. Merging of the data, acquired with two different sources, is performed by assigning each pixel in the final image with the higher sensitivity pixel among two measurements. > 30% increase in the average sensitivity was demonstrated for the sensor array.
INTRODUCTION
Diffracting gratings embedded with MEMS sensors provide sub-nm displacement measurements for various sensing and imaging applications [1] [2] [3] [4] [5] . Despite their ultra-high sensitivity, interferometer based readouts are limited to an unambiguous range of λ/4 for a single, narrowband illumination source. Integrating multiple sources into the readout, enhances both the range and the sensitivity of the measurement. Extended range performance on a single lamellar grating Fourier Transform Infrared Spectrometer was previously demonstrated using two sources [6] . This work highlights another aspect of two wavelength interferometry which is the enhancement of sensitivity for an array of sensors. Fig. 1 (a) illustrates a diffracting grating based sensor. The sensor consists of an embedded fixed grating, placed underneath, and a reflector that is placed on top of the sensor. The illumination is performed from the bottom side. Fixed grating and the reflector, forms an interferometer where the movement of the sensor causes modulation of the optical path difference between the grating and the reflector, which could be monitored with a photo detector. Well known formulas for the 0 th and odd diffracted order light can be expressed as:
GRATING INTERFEROMETRY
Where g is the gap between the sensor and the fixed grating and λ is the wavelength of illumination. Since the intensity variation of all orders is periodic with respect to gap, the range of an interferometric readout is bounded to λ/4. Furthermore, the sensitivity, slope of the intensity vs. gap behavior, can severely diminish at peaks and dips of the sinusoidal intensity curve. This work demonstrates a 2-λ readout method to improve the sensitivity for an array of sensors. figure) are captured by a CCD camera. In the setup, the sensor array is illuminated by two lasers with wavelengths λ 1 and λ 2 , with time multiplexing. In other words the sensor array is illuminated by λ 1 at even frames, and λ 2 at odd frames. For every sensor, the illumination will result in different intensity level (I) and the sensitivity at a certain gap (g), sensitivity is defined as. S(λ ,g) = dI/dg. Overall sensitivity of the proposed scheme is :
Where S 2λ is the sensitivity of a sensor under two wave illumination and takes on the higher sensitivity value of the two sensitivity measurements performed using λ 1 and λ 2 separately. A calibration routine is necessary before the measurement to identify the sensitivity achieved for each sensor in the array and for each wavelength. At the measurement stage, the sensor array is illuminated by both wavelengths one at a time, however only the higher sensitivity measurement is used for each sensor.
Selection of λ 1 and λ 2 plays critical role on the amount of measurement range and sweet spot of sensitivity. The measurement range is proportional with the smallest common multiple of the two wavelengths and the the highest overall sensitivity (S 2λ ) is achieved in the middle of the range [6] . 
EXPERIMENTAL SETUP AND RESULTS

Thermal Imaging Sensor Arrays
Sensitivity enhancement was demonstrated using previously fabricated thermal imaging sensor arrays [7] . Fig. 2 (a) illustrates cartoon drawing of a thermal imaging sensor. The sensor, having 50x50 um size, is composed of an Infrared (IR) absorbing membrane (200 nm SiNx), bimaterial legs (100 nm aluminum) that bend due thermal mismatch of its layers with temperature change and a diffraction grating that is fabricated underneath. The sensor bends in response to the target temperature, which is monitored by observing the 1 st diffracted order with a photodetector or a CCD camera for an array of sensors. Fig. 2 Fig 3. illustrates the fabrication steps , which were also described previously in [7] . The process starts with deposition and patterning of Ti / Au gratings on pyrex substrate. Polyimide is spinned and patterned as a sacrificial layer. 200nm SiN x is deposited to serve as both the structural and IR absorbing layer. 300 nm Aluminum is deposited on the legs as a thermal mismatch layer. A thin layer of titanium nitride (TiN) is deposited after patterning of aluminum layer, to enhance IR absorption. Fig. 3 , summarizes the details of fabrication steps of the thermal imaging sensor arrays. 
Experimental Results
A 160x120 array of thermal imaging sensors were illuminated by two laser sources, of wavelengths 633 and 650 nm in the configuration shown in Fig. 1 (b) . The sensor array required vacuum operation. Furthermore an IR lens was placed at the front side of the sensor array to image thermal information of the target. A periodic slab PCB, illustrated in Fig. 4 (a) was placed in front of an IR heater. The IR heater was effectively turned OFF and ON by placing a metal plate in front of the lens. Images were acquired by both sources while IR heater was ON and OFF. The difference images were calculated for both wavelengths, which are illustrated in Fig. 4 (b) and (c). The sensitivity histograms shown in Fig. 4 (e) and (f) are displayed based on the areas shown with white rectangles, which correspond to the openings in the periodic slab. Finally the combined image (Fig. 4 (d) ) and histogram (Fig 4. (g) ) are calculated based on "winner takes all" algorithm that is depicted in Eq. 3. A clear enhancement of over 30% is observed in the average sensitivity of the histogram. 
CONCLUSIONS AND DISCUSSION
A two wavelength measurement was performed on a thermal imaging sensor array. > 30 % increase in average sensitivity is demonstrated and validated by theory. Real time measurement with the proposed method is to be realized by imaging diffracted order(s) of the two sources onto the same CCD / CMOS camera and taking data of one source at a time. This time multiplexing scheme may be implemented using various methods such as synchronous modulation and capture of both sources or by placing a rotating optical filter before CCD plane. Imaging two sets of diffracted order light on the same are of the CCD, requires critical alignment of the beam splitter, lenses and fourier filtering. Besides thermal imaging sensor arrays, this method can be adapted to a variety of sensing application such as biosensor arrays, grating spectrometers and atomic force microscopy for improving measurement range and sensitivity
